This report covers the strategies adopted for rehabilitation for the first and second dual hand transplants performed in India. Materials and Methods: The team, under a trained physiatrist, including physiotherapy and occupational therapy personnel, was involved in the management of both these patients. The management protocol was developed considering previous reports as well as our management strategies in the rehabilitation of the replanted hands. The involvement of the team with the patients started in the 1st week itself and continued on a daily basis for the entire year. Results: Outcome analysis was performed at 6 months and 1 year using the disability of shoulder and hand evaluation and hand transplant scoring system. Functional magnetic resonance imaging was done at the end of 1 year to assess the cortical integration of the transplanted hand. Conclusion: Despite more than 110 hands being transplanted worldwide, hand transplant remains an experimental procedure. It is still not considered the "standard of care" for hand amputees. Outcome analyses performed worldwide do indicate that the procedure can provide a substantial improvement in the quality of life for the hand amputee, especially the bilateral amputees.
INTRODUCTION
was seen in the first case where the left hand needed primary tendon transfers due to the presence of extensive fibrosis. The results depend on immediate and persistent physiotherapy and occupational therapy as well as splinting. Rehabilitation regimes are well described in the literature [2] [3] [4] but each programme formulates regimes comfortable for them. This paper deals with the post-operative rehabilitative regime used in the first and second bilateral hand transplants in India. The outcome analysis after hand transplants have been mainly by patient reported scoring systems like the disabilities of the arm, shoulder and hand outcome questionnaire (DASH) scoring. [5] Hand Transplant Scoring system (HTSS) is a subjective scoring system developed by the International registry for Hand and composite tissue transplantation which has been used for comparative reporting. [6] The outcome at 1 year of both the patients is described based on these scoring systems as well as other parameters.
MATERIALS AND METHODS

Rehabilitation protocol
The same protocol was used for both the patients. The patients were given intense physical and occupational therapy for 5 h a day for 1 year. This was done in two sessions of 2½ h each every day. In the first 2 weeks, the aim was to prevent hand swelling and to prevent joint stiffness and to promote tendon gliding. This was achieved by hand elevation and by passively extending the fingers with wrist flexion and by passively flexing the fingers with wrist extension [ Figure 1 ]. Controlled active motion of fingers and wrist was encouraged from the 2 nd post-operative day onwards. At other times, the hand was immobilised in a wrist extension splint.
Third week onwards, in addition to the above, activities of daily living like eating and drinking were begun gradually. The splint was changed to a dynamic splint during the day and a static splint during the night to maintain the hands in a functional position [ Figure 2a and b]. The aim to be achieved by the end of the 1 st month was near normal passive and active range of motion of the wrist and fingers. This was observed in both the patients.
In the second and 3 rd month, in addition to the above, passive stretching of the joints was started to prevent adhesion formation and joint stiffness. Full non-resistive use of the hands was permitted and care was taken to protect the insensate hand from inadvertent injury. Neuro-muscular stimulation of the small muscles of the hand was started. Fourth month onwards, resistance training was started to improve grip strength of the hands. At 6 months, attention was given to sensory re-education and fine motor coordination. Occupational rehabilitation was started at this time.
During the entire rehabilitation programme, attention was given to functional rehabilitation of the hands. To ensure this, various activities were incorporated starting from simple ones like throwing and catching a ball, tearing bits of paper, opening and closing lids of bottles. Later on this moved over to more complex ones like origami, playing the keyboard, sketching and painting. These helped to make the rehabilitation process more interesting [ Figure 3 ].
Outcome assessment
This was done at 6 months and 12 months post-transplant in both patients. The hand function was assessed by some definitive measurables as follows. 1. The passive and active range of motion for the forearm (supination/pronation), wrist and fingers (flexion/extension) 2. Strength and motor outcomes using the Kapandji score [7] for opposition (thenar intrinsic muscle recovery), the grip dynamometer and the Medical research council muscle power grading system. [8] [ Figure 4 ] 3. Sensory recovery outcomes using the static two point discrimination, Semmes Weinstein monofilament test, [9] [ Figure 5 ] presence of pain and temperature sensations and stereognosis 4. Dexterity assessment using the 9-hole peg test [ Figure 6 ] 5. The patient reported outcome measures (PROMs) analysed using the Disability of Arm Shoulder and Hand (DASH) score. [5] DASH score was measured before the transplant and at the time of outcome analysis 6. HTSS score [6] was measured at the time of outcome analysis at 1 year.
In addition, cortical re-integration of the transplanted hands was assessed by doing functional magnetic resonance imaging (MRI) for both the patients.
Functional outcomes after 1 year.
Patient 1
The passive and active range of motion achieved by the first patient after 1 year is described in Table 1 .
In the right hand, the patient developed a Kapandji score of 10, whereas in the left hand, it was 7. On grip dynamometer, he had grip strength of 20 kg in the right hand and 5 kg in the left hand. The MRC muscle power grades for individual muscles tested are shown in Table 2 . In general, the proximal muscle groups gained more power than the distal ones. The electromyography findings for the muscles of the transplanted hands [Table 3a ] showed normal configuration and re-innervation of the muscles of the hands. He has achieved a very good recovery of pain and temperature sensation. He achieved stereognosis for both large and small sized objects in both hands. He achieved a mean static 2PD of 11 mm in both hands. He could sense the pressure by a Semmes Weinstein monofilament of the red colour in the left hand and purple colour in the right hand [ Table 4 ].
The pre-operative DASH score was 91.7 while the post-operative score at 1 year was 13.3 giving a net difference of 78.4. His HTSS score at after 1 year was 85 (excellent) for the right hand and 70.5 (good) for the left hand. The details of HTSS score of patient 1 are given in Table 5 . He was able to complete the nine-hole peg test in 59 s. Functional MRI showed increased blood flow in the contralateral cerebral cortex pre-central gyrus area during the activity of the hand indicating good cortical re-integration.
Patient 2
The passive and active range of motion achieved after 1 year was satisfactory and is described in in Table 1 .
In the right hand, the patient developed a Kapandji score of 4, whereas in the left hand, it was 3. On grip dynamometer, he had grip strength of 18 kg in the right hand and 10 kg in the left hand. The MRC muscle power grades for individual muscles tested are given in Table 2 . The proximal muscle groups have gained grade 4-5 power while the distal muscle groups have gained grade 3-4 power. The electromyography findings for the muscles of the transplanted hands [Table 3b ] showed re-innervation pattern with normal configuration.
He also achieved complete recovery of pain, cold and hot sensation as well as stereognosis for large-and medium-sized objects in both hands after 1 year. The mean static 2PD was 8 mm in the left hand and 6 mm in the right hand. He could sense the pressure by a Semmes Weinstein monofilament of the purple colour in both hands [ Table 4 ].
The pre-operative DASH score was 86, whereas the post-operative score at 1 year was 9.1 giving a net difference of 76.9. His HTSS score at after 1 year was 80.5 (excellent) for the right hand and 77 (good) for the left hand. The details of his HTSS score are given in Table 6 . He was able to complete the 9-hole peg test in 4 min and 35 s. Functional MRI showed increased blood flow in the contralateral cerebral cortex pre-central gyrus area during the activity of the hand indicating good cortical re-integration.
DISCUSSION
Considering the objective functional outcomes, both patients did extremely well in the sensory recovery as has been reported in the other hand transplants worldwide. Both the patients have shown a progressive of the slightly misplaced dorsal radial plate upon ulna during attempted supination. Thumb opposition has been measured based on Kapandji score. The first recipient has a markedly greater range of opposition as compared to the second recipient, with the dominant hand already having achieved a complete range of opposition [ Figure 7 ]. The clinical findings are corroborated with the EMG records which show almost four times greater amplitude of the compound muscle action potentials of Abductor Pollicis Brevis of the first recipient compared to the second.
Excellent bone healing has been achieved in the first recipient [ Figure 8 ]. Second recipient's left ulna was lagging behind but is now showing signs of ossification. On functional MRI assessment, both hands of both the recipients show excellent cortical re-integration [ Figure 9 ].
More important than these objective outcomes are PROMs. We used the DASH and the HTSS scores to assess the patient reported outcome. DASH is a validated score which can detect changes in disability of the upper extremity over time. [10] The difference of 15 points between pre-operative and post-operative DASH scores is indicative of a significant improvement in the functional status of the hand. [5] The DASH score of our first patient improved by 78.4 points while that of our second patient improved by 76.9 points implying a marked reduction in their disability status. HTSS score is a good tool to assess and compare the outcomes. It cannot be measured before the transplant takes place; hence, the change in functional status before and after the transplant cannot be quantified. Using this PROM scale, the outcome was rated as "Good" for the left hand (74.5) and "Excellent" for right hand (89) of recipient 1. For recipient 2, the outcome was rated "Excellent" for both left (81) and right (84) hands.
Although we have not done a formal study comparing outcomes of our patients with those performed in other centres, a glance through the available literature [11] [12] [13] [14] shows that our outcomes are as good or better than many centres which have reported their outcome.
Bernardon et al. [13] reviewed 5 bilateral hand transplants and reported an average improvement in DASH score of 30 points. Landin et al. [14] in their systematic review of 28 hand transplant patients included 5 patients with bilateral below elbow transplants. They reported a mean pre-operative DASH score of 64.5 (range 29-98), and mean post-operative DASH score of 44.8 (range 18-71) giving a mean improvement of 20 points for these patients. improvement in the two point discrimination. Both of them have very good protective sensation and touch localization. Interestingly, regarding the stereognosis, the first recipient is able to identify even small objects like small keys and metal screws.
The motor function of the left hand of the first patient is poorer than that of the other three hands. After the accident which resulted in the amputation, he had undergone multiple debridement in the left stump, which resulted in the loss of many flexor and extensor muscles. The flexor aspect had only Palmaris Longus and Flexor Digitorum Superficialis while the extensor aspect had only the Brachioradialis, Extensor Digitorum Communis and Abductor Pollicis Longus. These muscle units were used to motorise the wrist and finger joints by tendon transfers details of which are discussed elsewhere. This probably resulted in the limitation in flexion of MCP and PIP joints of the left hand. The grip strength in this hand is also less than the other three hands due to the missing motors on flexor aspect. The second recipient had the limitation of supination in his left hand. This was probably due to the impingement CONCLUSION Despite more than 110 hands being transplanted worldwide, hand transplant remains an experimental procedure. It is still not considered the "standard of care" for hand amputees. Outcome analysis performed worldwide does indicate that the procedure can provide a substantial improvement in the quality of life for the hand amputee, especially the bilateral amputees. Concerns about short-and long-term complications of immunosuppression may offset the benefits gained out of hand transplantation. [15] The outcomes of our patients at the end of the 1 st year are encouraging. Unlike a solid organ transplant, the function of the transplanted hand starts to improve slowly over time, but especially in distal hand transplants the patient satisfaction and improvement in the quality of life have been significant. The first patient has been absorbed into our institution as a transplant counselling assistant and the second one has joined back in his previous post. It is quite possible that the long-term outcomes of our patients remain excellent and if the patients are able to bear the immunosuppression well, more and more people could benefit from the upcoming field of vascularised composite tissue allotransplantation.
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